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Abstract 
Since appliances consume a large fraction of the residential final energy consumption, analysing 
the impact and trends in penetration and ownership of appliances are targets of interest to 
researchers, companies and policy makers. However, there is a lack of published data based on 
the study of appliance penetration or ownership comparing different countries trends and 
assessing different appliances families.  The data is usually found in percentages related to 
energy use or other factors, or in national directive documents written in local languages. The 
main aim of this paper is to analyse the trends in appliances penetration and/or ownership in the 
residential buildings sector providing access to the data of ten countries representing different 
world areas, and 20 appliances which fell into three distinct appliance categories (white goods, 
brown goods and small appliances), in a comparable framework. Penetration data is given for 
Australia, Austria, Denmark, France, Spain, UK, and USA; and ownership data for Australia, 
China, Hungary, Japan and USA. 
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1. Introduction
In the next decades, the energy consumption of residential sector will rise due to the 
proliferation of equipment types used and their increased ownership and use. The 5th 
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) [1] stated that 
energy efficient appliances, lighting, information communication, and media technologies can 
reduce the substantial increase in electricity use expected. Global building energy use may 
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2. State of the art 
 
The authors have assessed a brief state of the art basing the search for papers on ownership and 
penetration of household appliances all over the world. The 21 papers found in the literature 
review are shown in Table 1. The paper includes the main aim of the study, the periods of time 
included in the study, the country object of the study, the set of appliances, and the type of data 
studied; ownership or penetration. Distinguish between penetration and ownership is important 
to process the data collected correctly. Appliance penetration refers to the number of households 
using at least one of the given appliance, regardless of the number of items ( penetration can be 
maximum 100 %), while appliance ownership refers to the total number of one specific 
appliance in the total of households (it is not always shown in percentage and not maximum is 
applied).  
 
From the literature review the authors concluded that it is difficult to find data on appliance 
penetration or ownership for different countries and large amount of appliance from different 
categories. Furthermore, data found is usually related to studies that present values in 
percentages of the energy use or of other factors. In these studies, data normally shows 
ownership of appliances collected via questionnaire in a statistically representative sample in a 
given city or part of the country (like south-east). Such as in Lyons et al. [4], authors correlated 
domestic ownership of water-using appliances in the Republic of Ireland. No absolute 
ownership values are included in this study [4], but a regression analysis to examine the 
determinants of the water and sewage main connection status of Irish homes and to identify the 
characteristics of households that are associated with having larger or smaller numbers of 
appliances is done. Conversely, Leahy et al. [5] explored the factors affecting residential energy 
demand conditional on appliance ownership. Similarly, data from Mexico can be found in Rosas 
et al. [6] where authors studied the penetration of appliances in Mexican households according 
to income, giving ownership data, and studied its implications on commercial energy use and 
CO2 emissions in 1996 and 2006. In Cyprus, some data can be found in Abeliotis et al. [7] who 
carried out a questionnaire to 186 inhabitants of the city of Limasol to identify the factors 
affecting consumers’ preferences towards the ownership of household appliances. Brazil was 
used as case study in Pereira and Assis [8]. In such study [8], authors analysed the energy 
consumption of different building types grouped by residential sectors in different areas of the 
city. Won and Hong [9] studied the difference between home appliance ownership status and 
burden on electric rates according to different number of household members in Korea. A 
survey in Turkey by Sahin and Koksal [10] determined the importance of standby electricity 
consumption by domestic appliances. Nie and Kemp [11] studied the case of China and how 
energy use in residential buildings is affected by the number of appliances and their energy 
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efficiency, and its importance over other factors such as floor space, population and energy mix. 
The effects of the increase in usage of domestic computers in UK were evaluated by Terry and 
Palmer [12]. Finally, in USA Yang et al. [13] recognized on-line surveys as a cheap and 
efficient way to collect data on residential appliances. Other authors intended to relate moving 
home [14], social habits [15], demographic changes [16], and income structure [17] to the 
ownership of appliances in developed countries such as United Kingdom, United States, and 
Japan. Concluding that appliances ownership rates are strongly dependent to social and lifestyle 
changes. Interestingly, most of the papers found in the literature are trying to correlate the 
energy consumption and energy price changes to the ownership/penetration of appliances 
[17][24]. Goldschmidt [18] estimates the marginal annual energy (electricity and gas) 
consumption of domestic appliances and facilities in Western Australia, collecting the 
penetration from the Australian bureau of statistics (ABS). Herring [19] compared ownership 
and consumption of minor appliances in the UK to that in the US. Otherwise, Tippet et al. [23] 
and Rao and Ummel [24] related the appliances ownership to service life and affordability of 
appliances. Tippet et al. estimated the service life under one owner of selected major appliances 
(refrigerator, washing machine, clothes dryer, and dishwasher) according to selected 
characteristics of owner households in United States. Rao and Ummel examined the 
affordability and predict appliance penetration in developed and under developed countries. 
Moreover, only four papers comparing data from different countries were found; Herring [19], 
commented above, comparing UK and US ownership and appliances consumption, Meyers and 
Sathaye [20] studied changes in electricity use between 1970 and 1986 for 13 of the largest 
developing countries, Shipper et al. [22] examined the response of consumption to changes over 
time in developing countries part of the OECD, and Rao and Ummel [24] studied the appliance 
penetration comparing the affordability for developed and non-developed countries.  
 
Overall, the main outcomes found in the literature review are listed below:  
- United Kingdom and United States are the countries that have more studies on the 
penetration, ownership, and consumption of household appliances.  
- There is a lack of studies assessing the penetration or ownership of household 
appliances in a large sample of countries and appliances categories. 
- Most of the studies published are focused in the latest 90s and early 20s, evaluating the 
arrival of the technological era.  
- The most studied appliances are: refrigerators, television, freezers, washing machine, 
clothes dryer, dishwasher, and microwave.  
- The less studied appliances and not included in the studies are: lighting, air conditioner, 
small appliances such as hair dryer, shaver or fan, and new appliances such as tablet, 
smart phone, laptop, and music player. 
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- Most of the studies relate the appliances penetration to other parameters such as energy 
consumption, type of household, water usage, CO2 emissions, moving home, etc.  
- Most of the studies shows ownership and not penetration and interestingly do not 
distinguish between both data.  
 
 
6 
   
Table 1. State of the art of ownership and penetration papers.  
 
Study Country Period of 
study 
Appliances Type of data Ref 
Correlate domestic ownership of water-using 
appliances 
Ireland 2001-2002 Water-using appliances. - [4] 
Examine the penetration of appliance according to 
income and CO2 emissions.  
Mexico 1996-2006 Refrigerator, TV sets, washing machine, air conditioners, 
lighting, cooking and water heating. 
Ownership data come from the national 
income–expenditure survey 
[6] 
Explore and report the attitudes of consumers on 
the ownership of household appliances. 
Cyprus 2009-2010 Refrigerator, oven, washing machine, dishwasher, clothes 
dryer, Television, toaster, kitchen boiler, coffee maker and 
mixer/blender.  
Ownership based on a survey.  [7] 
Analyze the energy consumption for an building 
specific location 
Brazil 1991-2000 Computer, television, radio, videocassette, video recorder, 
lighting, refrigerator, freezer, vacuum cleaner and 
microwave,  
Ownership based on the socioeconomic 
data collected.  
[8] 
Evaluate the importance of electricity standby in 
household appliances.  
Turkey 2012 Television, washing machine, dishwasher, clothes dryer, 
laptop, game console, DVD/VCD player, radio, microwave, 
oven, desktop, printer, clock, air conditioner, furnace, router, 
audio systems, phone, water cooler and satellite receiver. 
Ownership based on surveys and data 
collected.  
[10] 
How energy use in residential buildings is affected 
by the number of appliances and their energy 
efficiency. 
China 2002-2010 Television, washing machine, refrigerator, air conditioner 
and computer.  
Ownership from China statistical 
yearbook (CSY) and authors 
calculations.  
[11] 
The effects of the increase in usage of domestic 
computers. 
United Kingdom 1990-2012 Computer Data from household electricity survey [12] 
Compare the results of Amazon Mechanical Turk 
online surveys with  Residential Energy 
Consumption Survey (RECS) deployed by the US 
Energy Information Administration 
United States 1978-2009 Televisions, freezers, refrigerators and ceiling fans Ownership based on Amazon 
Mechanical Turk (AMT) surveys and 
Residential Energy Consumption 
Surveys (RECS) by US Energy 
Administration.  
[13] 
How appliance-using practices, and thereby 
appliance ownership levels, may change after 
moving home. 
United Kingdom 2010-2011 Television, cooker,  
Washing machine, refrigerator, freezer, dishwasher, 
microwave oven, laptop/desktop/tablet and television.   
Ownership extracted from DECC. (2013) [14] 
Examine electric appliance ownership status for 
different number of household members. 
Korea 2013 Computer, audio, refrigerator, microwave oven, electric 
oven, electric rice cooker, electric iron, washing machine and 
electric cooker. 
Ownership based on a questionnaire of 
2250 around the nation. 
[9] 
Investigate the effects of appliance ownership and 
use of a broader range of appliances. 
United Kingdom 2009-2010 Office equipment, laptop, telephony appliances, television, 
electric oven, electric hob, minor cooking appliances 
(microwave, toaster, etc.), refrigerator, freezer, dishwasher, 
washing machine and clothes dryer.. 
Ownership data based on a survey in 
Leicester (UK). 
[15] 
Estimate the marginal annual energy (electricity 
and gas) consumption of domestic appliances and 
facilities. 
Western Australia 1990-1993 Air conditioning, room and water heating, refrigerator, 
microwave oven, electric and gas stove, washing machine, 
clothes dryer, dishwasher, wall and ceiling insulator.  
Penetration rates extracted from the 
Australian bureau of statistics (ABS). 
[18] 
Compare ownership and consumption of minor 
appliances in the UK to that in the US 
United Kingdom and 
United States 
1981-1991 Iron, dishwasher, microwave, instant shower, vacuum 
cleaner, video recorders, electric blankets, radio/clocks, 
toaster, coffee maker and frypans. 
Ownership extracted from Electricity 
Council and now the Electricity 
Association (UK) and data from US 
comes from papers published. 
[19] 
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Describe changes in electricity use between 1970 
and 1986 for 13 of the largest developing countries. 
Bangkok, Taiwan, 
Singapore, Beijing, 
South Korea, Kuala 
Lumpur, Indonesia 
Urban, Philippines 
Urban 
1970-1986 Refrigerator and air conditioners. Ownership based on statistics published 
by energy statistics agencies, electric 
utilities, and other sources. 
[20] 
Estimate the variations in energy consumption per 
household and the aggregate annual consumption 
nationally. 
United Kingdom 1994 Oven, microwave oven, refrigerator, freezer, television, video 
recorders, washing machine, dishwasher and tumble dryer. 
Ownership based on a survey undertaken 
in the south-east of England.  
[21] 
Examine household energy use and appliance 
ownership.  
Ireland 1990-2006 Refrigerator, freezer, vacuum cleaner, microwave, tumble 
dryer, dishwasher and home computer.  
Ownership extracted from Central 
Statistics Office (CSO). 
[5] 
Examine how income structure and wealth 
determine the number of appliances in a household. 
Japan 1967- 2015 Television, dishwasher, PC, air conditioner. Cellular phone, 
warm water bidet. 
Ownership extracted from the Japanese 
National Survey of Family Income and 
Expenditure. 
[17]  
Determine the relationships of demographic 
variables, ownership of 11 appliances, and time 
spent in four categories of household tasks. 
United States 1981 Vacuum cleaner, washing machine, clothes dryer, 
refrigerator, dishwasher, food waste disposer, auto cleaning 
oven, microwave oven, trash compactor.  
Ownership extracted from a study of 
time use (NE-113) among two 
parent/two-child families. 
[16] 
Examine the response of consumption to changes 
over time in energy prices, household income, 
appliance saturations, dwelling type and size, 
building practices and energy policies. 
OECD countries: 
Canada, Denmark, 
France, Germany, Great 
Britain, Italy, Japan, 
Netherlands, Norway, 
Sweden, United States.  
1983 Refrigerator, freezer, washing machine, clothes dryer, 
dishwasher and oven.  
Penetration  [22] 
Estimate the service life under one owner of 
selected major appliances according to selected 
characteristics of owner households. 
United States 1971-1972 Refrigerator, washing machine, clothes dryer and dishwasher. Ownership extracted from survey data.  [23] 
Examine the affordability and predict appliance 
penetration in developed and under developed 
countries.  
Brazil, India, South 
Africa, United States, 
United kingdom, 
Germany, France, 
Japan, Albania, 
Armenia, China.2009-
2012 
2009-2012 Television, mobile phone, refrigerator and washing machine. Penetration extracted from the dataset of 
each country (surveys institutions).  
 [24] 
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This paper is intended to complement the data presented in the literature review and to provide 
more information that might be helpful to politicians and researchers on the topic. The aim of 
this paper is to report and show the trends in appliance penetration and/or ownership in 
residential buildings for different countries of the world, representing different world regions. 
More specifically, the objectives are: 
1. To search in data bases sort by country, appliances type, and year. Evaluating the 
feasibility of the search and how easy is to collect data and analysing it.  
2. To maximize the data collected and the number of appliances under study. Trying to 
cover a large set of appliance and sample of countries.  
3. To classify the data collected for each country following the appliances type 
classification (see Section 2.3) and ownership/penetration data. 
4. To analyse the data collected from 1970 to 2010 by means of graphing the data 
collected in three different graphs for the three appliances categories.  
5. To provide new data in the topic and show trends useful for other researchers to use in 
their studies. 
6. To compare and examine the appliances ownership or/and penetration to residential 
energy consumption per capita, electricity consumption per capita and GDP per capita.  
 
3. Methodology 
 
In this section the methodology followed, sources accessed, countries, and appliances included 
in the study are presented.  
 
3.1. Appliances classification 
 
In the present paper appliances are split into three groups. The first one, white and goods,  
includes the appliances intended to cover basic needs such as washing machines, refrigerators or 
freezers, cloth dryers, dishwashers, etc. Brown good, which is the second group, includes the 
appliances  aimed to fulfil secondary society needs from a technologic point of view; such 
appliances are normally  used for leisure. A sample of appliances within this group are TVs, 
computers, DVDs, cameras, videogames, etc. Also, new appliances as tablets, smartphones, 
music players, GPS, etc. are included in this group.  Such new appeared appliances are 
increasing considerably their impact because they respond to the new nexus between society 
networks and social media. The last group includes small appliances commonly used in 
households  for housework and personal cleanliness. Irons, coffee makers, microwaves, mixers, 
hair dryers, fans, etc. are common examples of small appliances. Table 2 classifies appliances 
included in this study in each category described above. 
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Table 2. Appliances classification included in this study by category 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2. Countries considered  
 
The countries considered in this case of study are part of the OECD, the countries and the 
reasons to add them in the set of countries are specified in this section.  
1. Spain, France, Austria, Denmark, UK, and Hungary were considered to represent South, 
North, and East Europe areas, respectively. To compare the different climate zones in 
Europe as well as strong economies to countries in current economic growth. All the 
countries listed above except Hungary, which present ownership data, present penetration 
data (See Tables 3, 4 and 5).  
2. USA was included in this study due to its worldwide importance and its high residential 
buildings consumption, partially due to appliance ownership, and comparable to that from 
the whole Europe. For USA, ownership and penetration was retrieved (See Tables 3, 4 and 
5). 
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3. Interestingly, the cases of study registered in Asiatic countries are more difficult to  
compare due to their strong diversity and because the data is segmented and difficult to 
access. However, Japan and China were selected to represent the emerging economies in 
Asia Japan is a remarkable case within the first line of technology deployment since 
decades while China is an emergent country where the appliance ownership has increased 
considerably during the last decades. Ownership data is presented for Japan and China as 
shown in Tables 3, 4 and 5.. 
4. Australia is a peculiar case because of its remarkable singularities such as low population 
density within a huge country and because it is part of the OCDE although it is located in a 
very different climate zone compared to the rest of the OCDE countries. For Australia, 
penetration and ownership data is assessed (see Tables 3, 4 and 5). . 
 
3.3. Data collection 
 
In the present section, the data sources of the different countries considered are listed. Most of 
the data gathered was found in the statistical institutions of their respective countries either in 
the website or in the yearbooks published by the national institution. In some cases such as 
Hungary, Japan and China the data was difficult to access or only found in national libraries. 
The sources consulted as well as the data format and collection is detailed as follows: 
- Hungary: the data was consulted in the Statistical Yearbook of Hungary [25][28] paper 
version available in the National Széchényi Library and compiled in excel files. 
- Spain: the data was easily accessible in excel format in the website of the Instituto 
Nacional de Estadística [29]. The data distinguishes between the size of the dwelling 
and the location (big or small cities).  
- France: the data was easily accessible in excel format in the website of the Institute 
National de la Statistique et des Études Économiques [30]. The data found was divided 
in between the family type (single parent, only-child, two-child, etc) 
- Austria: the data was accessible in excel format in the website of the Statistik Austria 
[31]. The data was complemented with the reported values of household appliances 
penetration by Hass et al. [32]. The ownership data extracted from the statistics website 
was given per private household number not differentiating in between type of 
dwelling, income or type of family.  
- Denmark: the data was easily accessible in excel format in the website of the Statistics 
Denmark [33]. The ownership data extracted from the statistics website was given per 
private household number not differentiating in between type of dwelling, income or 
type of family. 
- United Kingdom: Department of Energy & Climate Change [34]. 
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- United States: the data was easily accessible in excel format in the website of the U.S. 
Energy Information Administration (EIA) [35]. USA is the country that contains more 
data available in its Energy Administration website as well as more detailed data 
distinguishing between ownership and penetration, type of household, people leaving in 
the house, income, etc.  
- Japan: The Institute of Energy Economics [36]. 
- China: Chinese Statistical yearbook [37][44]. 
- Australia: The data was collected from the Australian social trends yearly published by 
Australian Bureau of Statistics [45] and People´s views and practices published yearly 
by Department of Industry and Science [46]  and Australian Bureau of Statistics. The 
ownership data extracted from the statistics website was not differentiating in between 
type of dwelling, income or type of family. 
 
Since the data collected was distributed along the difference statistical websites and yearbooks, 
the years under study and the appliances considered are different for each country. For 
comparison purposes, the authors intended to unify the data comparing the same appliances and 
similar periods of time. To clarify the data collection methodology the periods of data that were 
found for each country and appliance are listed in Table 3 to Table 5. The white goods are listed 
in Table 3, while brown goods and small appliances are reported in Table 4 and Table 5, 
respectively. The white appliances are available for longer periods of times and the most 
common appliances are, as it was found in the literature review: freezer, refrigerator, washing 
machine, dishwasher, and clothes dryer. Regarding brown goods, television and personal 
computer are the most reported appliances from the early 70s (television) and 90s (personal 
computer) to 2010. However, small appliances are the less studied, as it was also concluded in 
the state of the arte undertaken, microwave is the one reported the most. Overall, China, 
Hungary and Japan are the countries presenting less data available while United States and 
Australia are the countries showing more data in appliances penetration and ownership. 
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 Table 3. Periods of available data for white goods 
Country Type of data Refrigerator Freezer Oven Dishwasher Washing machine Clothes dryer Air conditioner Fridge + freezer 
Gas /electric 
cooker 
Austria 
Penetration 
1975-2010 1975-2010 --- 1975-2010 1980-2010 1980-2010 --- --- 1975-2010 
Denmark 1990-2010 1990-2010 --- 1990-2010 1990-2010 1990-2010 --- 1990-2010 --- 
France 1997-2009 1997-2009 --- 1997-2009 1997-2009 --- --- --- --- 
Spain 2000-2012 --- --- 2000-2012 2000-2012 1975-2012 --- --- --- 
UK --- --- --- 1975-2000 1975-2000 --- --- --- --- 
USA Penetration & 
Ownership 
1993-2010 1993-2010 1993-2010 1993-2010 1993-2010 1993-2010 1993-2010 --- --- 
Australia 1995-2005 1995-2005 --- 1995-2005 1995-2000 1995-2005 1995-2005  ---  
China  
Ownership 
1980-2005 --- --- --- 1980-2005 --- --- --- --- 
Hungary 1970-2012 --- --- --- 1970-2012 --- --- --- --- 
Japan 1970-2003 --- --- --- --- --- --- --- --- 
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Table 4. Periods of available data for brown goods. 
Country Type of data Television Personal computer 
Video 
recorder Laptop 
PC 
Printer 
Desktops 
PC’s 
Mobile 
phone 
DVD 
player 
Tablet PC 
minicomputer 
Games 
machine 
Smart 
phone 
Video 
camera Radio 
Fixed line 
telephone 
MP3-
MP4 
Austria 
Penetration 
1975-2010 1990-2010 1980-2010 --- --- --- 
1993-
2010 --- --- --- --- 
1990-
2010 --- 1975-2010 --- 
Denmark 1990-1995 1990-2010 1995-2010 2010 --- --- 
1995-
2010 
1995-
2010 2010 --- 2010 --- --- --- 2010 
France 1997-2009 2004-2009 --- --- --- --- 2004-2009 
1997-
2009 --- --- --- --- --- --- 
2004-
2009 
Spain 2002-2012 2002-2012 2003-2012 
2002-
2012 --- --- 
2002-
2012 
2002-
2012 --- --- --- --- 
2002-
2012 2002-2010 
2002-
2012 
UK 1970-2000 1985-2000 --- --- --- --- --- --- --- --- --- --- --- --- --- 
USA Penetration & 
ownership 
1993-2010 1997-2010 1997-1995 
2001-
2010 2001-2010 
2001-
2010 
2001-
2010 
1997-
2010 --- --- --- --- --- --- --- 
Australia 1999-2005 1999-2005 19990-2005 --- --- --- 
1995-
2005 2005 --- 2005 --- --- --- --- --- 
China  
Ownership 
1980-2010 2000-2010 --- --- --- --- --- --- --- --- --- --- --- --- --- 
Hungary 1970-2012 --- --- --- --- --- --- --- --- --- --- --- --- --- --- 
Japan 1970-2012 1985-2012 --- --- --- --- --- --- --- --- --- --- --- --- --- 
 
 
 
14 
   
Table 5. Period of available data for small appliances 
Country Type of data Microwave oven Toaster Electric coffee maker Electric fan Portable fan Ceiling fan Vacuum cleaner Stove 
Austria 
Penetration 
--- --- --- --- --- --- --- --- 
Denmark 1990-2010 --- --- --- --- --- --- --- 
France 1997-2009 --- --- --- --- --- --- --- 
Spain --- --- --- --- --- --- --- --- 
UK 1994-1999 --- --- --- --- --- --- --- 
USA Penetration & 
ownership 
19932010 1993-2010 1993-2010 --- --- 1993-2010 --- --- 
Australia 1999-2005 --- --- --- 1999-2005 1999-2005 1999-2005 1995-2005 
China  
Ownership 
--- --- --- 190-2004 --- --- --- --- 
Hungary --- --- ---  --- --- 1970-2004 --- 
Japan --- --- --- --- --- --- --- --- 
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4. Results 
 
In this section, the data is graphed differentiating in between white goods, brown goods and 
small appliances. The data collected is divided into penetration data and ownership data 
following Table 3, Table 4 and Table 5. Also, a supportive graphic material has been added 
comparing the average device ownership increment for white goods, brown goods and small 
appliances in front of the residential energy consumption per capita, the electricity consumption 
per capita and GDP per capita. 
   
4.1. Penetration data 
 
4.1.1. Austria 
 
The penetration of brown goods increased dramatically in Austria (see Figure 2); television 
dramatically raised from 11% in 1974 to saturation (100%) in 1998, while mobile phones 
achieved this growth in only 16 years (from 1993 to 2010). Video recorders and personal 
computer growth follow a similar trend, however, only up to around 76% penetration. Only 
video cameras showed a less pronounced  slope at increase, growing proportionally from 1990 
to 2010. Regarding white goods, all Austrian households already had a refrigerator in 1989 
(100% saturation); otherwise, saturation was reached for washing machines in 2000 and for 
electric cookers in 2010 (Figure 2). Freezers penetration was constantly growing from 1980 to 
2000 and steeper for dishwashers (those reached 73.7% ownership in 2010). Clothes dryers did 
not start growing until 1993, reaching a 34% in 2010. Interesting is the case of gas cookers; 
31% households in Austria had a gas cooker in 1974 but 20% in 1993, then, this percentage has 
been decreasing steadily until 2010 when it reached 11%. On the other hand, electric cookers 
followed the opposite trend; 55% households in Austria had an electric cooker in 1974; this 
percentage increased during 1974-2010 reaching 90% of electric cooker ownership per 
household. Therefore, gas cooker was gradually substituted by electric cooker in the period of 
1990-2010.   
 
 
  
 
Fig
 
Figure
reside
as it 
consu
Figur
the un
 
Fig
0
100
200
300
400
500
600
700
800
900
1000
197
KW
h/y
ear
B
Figu
ure 3. Trends
capita, e
 3 The gro
ntial energy
is shown in
mption by 
e 4 also sho
it one, due 
ure 4. Develo
 
 
0 1980
 
rown good
re 2. Penetrat
 in domestic 
lectricity con
wth in app
 and electric
 Figure 4. T
appliance, a
ws that the t
to the growth
pment of uni
electricity
1990 2000
s 
ion of domest
electrical app
sumption per
liance pene
ity consump
hese trends 
s shown in 
otal electric
 in applianc
t electricity c
 consumption
2010
Television
Freezers
Refrigerato
Fridge‐free
Dishwasher
Clothes dry
Washing m
16 
ic electrical a
liance penetra
 capita and GD
tration in A
tion per cap
can partiall
Figure 4 fo
ity consump
e ownership
 
onsumption (U
 by applianc
rs and
zer
er
achine
0
200
400
600
800
1000
1200
1970
GW
h/y
ear
ppliances in A
tion vs. resid
P per capita
ustria follo
ita, but at th
y be explain
r freezers, r
tion by appl
. 
EC) of diffe
e type (right)
1980
White good
ustria 1974-
ential energy 
in Austria 19
wed a high
e same rate a
ed by the d
efrigerators 
iance type d
rent appliance
in Austria 
1990 2000
s 
2010 
 
consumption 
74-2010 
er rate tha
s GDP per 
ecrease in e
and dishwa
id not decre
s (left) and to
2010
Small applianc
Lighting
Electric cookin
stoves
Television
Freezers
Refrigerators 
Fridge‐freezer
Dishwasher
Clothes dryer
Washing mach
per 
n the 
capita 
nergy 
shers. 
ase as 
 
tal 
es
g
and
ine
 4.1.2
 
Denm
comp
1995
came
video
playe
repre
 
White
2010)
in 20
1990 
the p
refrig
next d
 
 
Follo
penet
. Denmark
ark showed
uters started
, smart phon
ras have a sl
 cameras ha
rs especially
sented just b
 goods data
, freezers (f
10), washing
to 54% in 2
revious cas
erators. If th
ecades.  
B
Figur
wing a tren
ration in D
 
 
 a steep g
 their deploy
es and tabl
ope that see
s been grad
 in the begi
y microwav
 from Denm
rom 29% in 
 machines (
010), and d
e, the stagn
e increment
rown good
 
e 5. Penetrati
d represent
enmark gre
rowth in br
ment in 199
et PC minic
ms to show 
ually replac
nning of the
e ovens, grew
ark are pre
1990 to 89%
from 70% i
ishwashers (
ation is not
 keeps cons
s 
W
on of domesti
ative from 
w at a hig
17 
own goods
0, mobile p
omputers in
that saturati
ed by mob
 turn of the
 from 17%
sented for re
 in 2010), f
n 1990 to 82
from 29% in
 reached fo
tant, the refr
hite good
c electrical ap
developed 
h rate, how
 in the 90s
hones, video
 2010. Wit
on will not b
ile phones a
 millennium
 in 1990 to 7
frigerators (
ridge-freeze
% in 2010)
 1990 to 69
r any of th
igerator stag
Sm
s 
pliances in D
countries,, d
ever, resid
 (Figure 5)
 cameras an
hin brown g
e reached. I
nd video re
. Small app
6% in 2010.
from 32% i
rs (from 17%
, clothes dry
% in 2010)
e white goo
nation will 
all applian
 
enmark 1990
omestic ele
ential energ
; television
d DVD play
oods, only 
t can be seen
corders by 
liance owne
  
n 1990 to 9
 in 1990 to
ers (from 2
. Differently
ds, not eve
be reached 
ces 
-2010 
ctrical app
y and elec
s and 
ers in 
video 
 how 
DVD 
rship, 
7% in 
 72% 
4% in 
 from 
n for 
in the 
liance 
tricity 
 consu
1990 
 
Fig
 
4.1.3
 
Most
will 
micro
wash
rate s
in do
consu
increa
 
 
 
 
 
 
 
 
mption per 
to 2010 (Fig
ure 6. Trends
capita, el
. France 
 of the avail
be shortly 
wave ovens
ing machine
uch as mobi
mestic elect
mption and
sed at a mu
 
capita has 
ure 6), and c
 in domestic 
ectricity cons
able data pr
reached to
, and refrige
s, and freeze
le phones, p
rical applian
 GDP per 
ch higher rat
not followed
ontrary to A
electrical app
umption per c
esented in th
 fulfil pene
rators) or s
rs). On the o
ersonal comp
ce penetrat
capita incre
e (Figure 8)
18 
 the drama
ustria, not e
liance penetra
apita and GD
is paper for
tration dur
tagnation at
ther hand, o
uters, and d
ion were sim
ase except 
.  
tic increase
ven GDP pe
tion vs. resid
P per capita i
 France (Fig
ing the pe
a value nea
ther applian
ishwashers.
ilar to the 
for small 
in their pen
r capita. 
ential energy 
n Denmark 1
ure 7)reveal
riod 1997-2
r saturation 
ces still show
From 1997 
residential e
appliance p
etration be
 
consumption 
970-2010 
ed that satu
009 (televi
(landline ph
 a steep inc
to 2009 the 
nergy, elec
enetration, 
tween 
per 
ration 
sions, 
ones, 
rease 
trends 
tricity 
which 
  
Fig
 
4.1.4
 
Data 
9) ex
2000 
predi
Denm
owne
interf
% in
deplo
B
Figu
ure 8. Trends
capita, e
. Spain 
on penetrati
cept for lapt
to 73% in 2
ctable, video
ark, the vid
rship rates 
aces to watc
 2005-2010
yment in 20
 
rown good
re 7. Penetrat
 in domestic 
lectricity con
on of brown
ops (increas
012), and di
 recorders p
eo recorder
started to d
h movies an
, some new
09. In 2012,
s 
W
ion of domes
electrical app
sumption per
 and white g
e from 9.5%
shwashers (f
enetration d
 was clearly
ecrease. Ma
d TV series.
 music pla
 46% househ
19 
 
hite good
tic electrical a
liance penetra
 capita and G
oods in Spa
 in 2000 to 
rom 41% in
ecreased fr
 replaced by
ybe due to 
 While the r
yer applian
olds in Spa
Sm
s 
ppliances in 
tion vs. resid
DP per capita
in show no b
53% in 2012
 2000 to 61%
om 75% in 
 DVD play
the appeara
adio owners
ces such as
in have an M
all applian
 
France 1997-2
ential energy 
 in France 19
ig growth s
), DVD play
 in 2012). 
2000 to 42%
er from 200
nce of blue
hip decrease
 MP3 or M
P3 or MP4
ces 
009 
 
consumption 
91-2010 
ince 2000 (F
ers (from 4
Contrary an
 in 2012. A
5 when the 
 ray or of o
d from 90%
P4 started
. Furthermor
 
per 
igure 
3% in 
d also 
s for 
DVD 
nline 
 to 79 
 their 
e, the 
 fix te
Spani
 
In co
dryer
up to
clothe
trend
of ele
10). 
linked
 
 
Fig
4.1.5
 
White
in 19
Comp
Simil
applia
lephone sta
sh househol
mparison to
 is really low
 10% in 20
s dryers at h
 to energy c
ctricity con
Therefore, e
 to the appl
Fig
ure 10. Trend
capita, 
. UK 
 goods pene
75 to 93% 
uters could 
arly, microw
nce penetra
 
rted to decr
ds in 2000 (
 Denmark o
. Just 5% o
10. Therefor
ome.  In Sp
onsumption 
sumption pe
ven the pop
iances owne
Brown go
ure 9. Penetra
s in domestic
electricity co
tration such
in 2000 (Fi
only be foun
ave oven p
tion which 
ease at the 
80%).  
r Austria, c
f the househ
e, the tende
ain, the incr
per capita b
r capita. Ho
ulation has
rship and en
ods 
tion of domes
 electrical app
nsumption pe
 as dishwash
gure 11). Ea
d in 10% U
enetration w
data is ava
20 
same time m
older countr
old had a cl
ncy in Spain
ease in whit
etween 2000
wever, GDP
 higher pur
ergy consum
 
tic electrical a
liance penetr
r capita and G
 
ers and was
ch UK hou
K household
as 67% in
ilable are s
obile phon
ies than Sp
othes dryer 
 is to gradu
e appliance 
 and 2012, 
 per capita
chasing cap
ption.  
ppliances in 
ation vs. resid
DP per capita
hing machin
sehold alrea
s in 1985 an
 1994 and 
imilar to th
e appeared 
ain, the own
in 2005, this
ally increas
penetration h
and brown g
grew at hig
acity this fa
White good
Spain 2002-2
ential energy
 in Spain 200
es in UK di
dy had a te
d in 40% ho
80% in 200
ose of energ
to be comm
ership of c
 percentage
e the presen
ad a very s
oods to the
her trend (F
ct is not di
s 
012 
 
 consumption
2-2012 
d grow from
levision in 
useholds in 
0. Trends i
y and elec
on at 
lothes 
 grew 
ce of 
imilar 
 trend 
igure 
rectly 
 
 per 
 72% 
1975. 
2000. 
n UK 
tricity 
 consu
simila
 
F
electr
 
4.2. P
4.2.1
 
Data 
good
televi
2005
mach
grow
mption per 
rly to the ca
Figure 11
igure 12. Tren
icity consump
enetration 
 
. Australia
on appliance
s considered
sions. Telev
, video recor
ines were  i
th from 200
 
capita (Fig
se of Spain.
Brown go
. Penetration 
ds in domest
tion per capit
and owners
 
 penetration
 are games 
ision penetr
ders varied 
n the 30.8%
0 (around 4
ure 12), wh
 
ods 
W
of domestic e
ic electrical ap
a and GDP pe
refer
hip data 
 for Australi
machines, vi
ation was ar
between 84%
 households
5%) to 200
21 
ile GDP pe
 
hite good
lectrical appli
 
pliances vs. 
r capita in U
ence year (10
a is presente
deo recorde
ound 99% i
 and 89% s
 in 2005, an
5 (68%). M
r capita gro
S
s 
ances in Unit
residential en
nited Kingdom
0%) 
d since 199
rs, DVD pla
n 1999, DV
howing a de
d personal c
ost of the 
wing is con
mall applia
 
ed Kingdom 1
ergy consump
 1970-2010.
4 to 2005 in 
yers, person
D players w
crease trend
omputer sho
small applia
siderably h
nces 
970-2000 
tion per capit
 Note: Year 1
Figure 13. B
al computer
as around 7
 after 2002, 
wed a very
nces in Au
igher, 
 
a, 
975 is 
rown 
s and 
2% in 
game 
 steep 
stralia 
 stagn
stove
dishw
had a
mach
1995
2010)
 
 
Data 
freeze
penet
and o
grow
electr
 
 
ated in 200
s and 97% 
ashers, was
 refrigerator
ines penetra
. Dishwashe
, and air con
B
Figure
for applianc
rs. Freezers
ration (Figu
wnership (1
th in white 
icity consum
 
0 at differen
for vacuum
hing machin
 in 1995 wh
tion shows 
rs penetratio
ditioners fro
rown good
 13. Penetrat
e ownership
 ownership 
re 13). For r
25% to 136
and brown 
ption per ca
t penetratio
 cleaners.
es, clothes d
ile freezers 
stagnation a
n is growin
m 32% to 6
s 
W
ion of domest
 in Australi
between 199
efrigerators,
% in Figur
goods owne
pita while G
22 
n values: av
Considered 
ryers, and a
penetration 
round 95%
g from 25%
0%.  
 
hite good
ic electrical a
a is only av
5 and 2005
 differences 
e 14) can b
rship in Au
DP per capi
 
erage of 44
white good
ir conditione
is decreasing
, while cloth
 to 41% in 
Sm
s 
ppliances in A
ailable for w
 (Figure 14) 
between pen
e clearly se
stralia had 
ta grew subs
% for ceili
s are refrig
rs. 99.9% h
 from 45% 
es dryers a
the period c
all applian
 
ustralia 1995
hite goods;
is very simi
etration (99
en. Figure 1
similar tren
tantially mo
ng fans, 80
erators, fre
ouseholds al
to 37%. Wa
round 55% 
onsidered (
ces 
-2005 
 refrigerator
lar to the da
.9% in Figu
5 shows th
ds to energ
re. 
% for 
ezers, 
ready 
shing 
since 
1970-
 
s and 
ta on 
re 13) 
at the 
y and 
  
Fig
 
4.2.2
 
Rega
90’s, 
simila
respe
in 20
show
96%)
42%)
(77%
to 59
 
Figur
ure 15. Trend
capita, el
. USA 
rding brown
similarly to 
r growth t
ctively). Fin
00, decreasin
ed stagnatio
, ceiling fan
. The same 
 to 82%), cl
%), and free
 
e 14. Ownersh
s in domestic
ectricity cons
 goods, TV 
the previous
ends at dif
ally, video r
g from this
n or small in
s (from 53%
trend can b
othes dryers 
zers (34% to
ip of domest
 electrical app
umption per c
penetration h
 cases under
ferent level
ecorders an
 point and re
crease for o
 to 72%), co
e found for 
(71% to 79%
 30%) betwe
23 
White good
ic electrical a
liance owner
apita and GD
as reached 
 study. Mob
s (53% to 
d DVD play
aching only
vens (avera
ffee makers
white good
), air cond
en 1993 and
s 
ppliances in A
ship vs. resid
P per capita i
full saturatio
ile phones, d
76%, 50% 
ers penetrati
 4% in 2009
ge 92%), m
 (61% to 72
s, refrigerato
itioners (68%
 2009. 
 
ustralia 1995
ential energy 
n Australia 19
n in USA al
esktop PCs
to 68%, an
on had valu
. Small app
icrowave ov
%), and toas
rs (99%), w
 to 82%), d
-2005 
 
consumption 
95-2010 
ready in the
 and laptops
d 13% to 
es at around
liance penet
ens (from 8
ters (from 3
ashing mac
ish washers 
per 
 early 
 show 
24%, 
 90% 
ration 
4% to 
0% to 
hines 
(45% 
  
On th
Brow
Comp
penet
playe
penet
to 24
70%,
seen 
simila
owne
USA 
and lo
 
 
 
B
Figu
e other han
n goods da
aring owne
ration of 10
rs penetratio
ration and o
% in the pe
 and 15% to
in white goo
r in case o
rship is arou
between 19
wer than G
 
rown good
re 16. Penetr
d, ownership
ta is availa
rship data 
0% correspo
n was arou
wnership da
riod 2001 t
 75% in the
ds between 
f freezers, 
nd 122% in
90 and 2010
DP per capit
s 
W
ation of dome
 data for US
ble for tele
to penetrati
nds to an ow
nd 90% in 
ta for deskto
o 2005, for 
 period 200
freezers and
but differen
 2009. Fina
 are very sim
a trend. 
24 
 
hite good
stic electrica
A in the pe
visions, vid
on data (Fi
nership of 
2001 while 
p PCs and l
penetration 
1 to 2009, r
 refrigerator
t for refrig
lly, Figure 
ilar to ener
Sm
s 
l appliances in
riod 2009 to
eo recorders
gure 16), it
183% to 250
ownership w
aptops, are a
respectively
espectively.
s. Penetratio
erators, whe
18 shows  o
gy and elect
all applian
 
 USA 1990-2
 2010 is sho
, desktop P
 can be see
%; video re
as near 14
round 50% 
, while own
Similarly, d
n and owner
re penetrati
wnership ap
ricity consum
ces 
010 
wn in Figu
Cs, and la
n that telev
corders and 
5%. Interest
to 68%, and
ership is 60
ifferences c
ship data are
on is 99.8%
pliances tren
ption per c
 
re 17. 
ptops. 
ision 
DVD 
ingly, 
 13% 
% to 
an be 
 very 
 and 
ds in 
apita, 
  
F
 
Figur
Wher
mediu
mostl
 
B
Fig
igure 18. Tren
ele
e 19 shows 
eas in 1993
m and 48%
y due to the 
 
rown good
ure 17. Owne
ds in domest
ctricity consu
that in USA
, 54% of the
 were of a si
new additio
s 
W
rship of dome
ic electrical ap
mption per ca
 refrigerator
m were of 
ze considere
ns to the stoc
25 
 
hite good
stic electrical
pliances vs. 
pita and GDP
s are getting
medium size
d large. The
k, or the rep
Sm
s 
 appliances in
residential en
 per capita in
 bigger, alth
 and 31% w
 increase in 
lacement of
all applian
 
 USA 1990-2
ergy consump
 USA 1970-2
ough not in 
ere large, in
large and ve
 small refrig
ces 
010 
 
tion per capit
010 
a significan
 2010 52%
ry large frid
erators. 
 
a, 
t rate. 
 were 
ges is 
26 
   
 
Figure 19. Trends in refrigerators size in USA 1993-2010 
 
Figure 20 shows that in all USA households had at least one television already in 1997, and 
indeed, the number of televisions per household increased. In 1997, 8% of USA households had 
one or two televisions and 37% had four or more, while in 2009 13% households had more than 
two televisions and 32% had four or more. 
 
On the contrary, computers at home have not reached saturation yet, but the number of 
computers per USA household is still increasing. Following this trend, the stagnation is 
expected to be reached in the next decades.  In 1997, 6% of USA had at least one computer and 
27% had two or more, while in 2009 already 33% households had at least one computer and 
43% two or more. 
 
  
Figure 20. Trends in the household use of televisions and computers in USA 1997-2009 
 
The number of electronic devices by household in USA in 2009 is shown in Figure 20 
Televisions and computers present similar values than Figure 20. About rechargeable electronic 
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ownership) and USA. The objectives stated at the beginning of the paper were met along this 
work as follows: 
1. The data was search in data bases sort by country, appliances type and year.  
2. The feasibility of the data collected from the countries (from which data was found) 
was evaluated. 
3. The data was collected for 33 appliances and 10 countries in the period from 1970 
to 2010.  
4. The data collected was classified following the appliances type classification (see 
section 2.3) and ownership/penetration data. 
5. The data collected was analysed and compared to residential energy consumption 
per capita, electricity consumption per capita and GDP per capita.  
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